Autophagy plays an active role during the early stages of embryogenesis in the nematode Caenorhabditis elegans. Although their exact function is unknown, P granules are ribonucleoprotein particles that play a role in germ cell specification. The localization of P granules is restricted to the germline precursor cells in wild-type embryos, as a result of their degradation in the somatic cell lineage. Autophagy is known to be required for the degradation of P granules, as mutations in various autophagy genes, including those encoding the adaptor SEPA-1 and the p62-like adaptor SQST-1, result in the accumulation of the P granule components PGL-1 and PGL-3 (termed PGL granules) in the somatic cells of C. elegans embryos. In this protocol, we present a methodology for using fusion reporters of SEPA-1, SQST-1, and PGL-1 that have aided in the identification of new genes for normal autophagy activity by screening for mutant animals that lack the degradation of these autophagy substrates. 
1. Allow about 50 gravid adults of the chosen nematode strain to lay eggs on a single nematode growth media (NGM) agar plate containing E. coli for 10-15 min at the desired temperature, and then transfer the gravid adults to fresh plates.
Repeat as desired. This will result in multiple plates containing tightly synchronized embryos.
2. Wait until the recently laid embryos reach the desired stage of embryogenesis (e.g., for 100-cellstage embryos, wait an additional 200 min at 20˚C). (See Lewis and Fleming 1995.) The amount of time required to reach the desired stage of embryogenesis will vary according to temperature. Commence imaging (as described below) as soon as the stage of interest is reached.
See Troubleshooting.
3. Apply a single drop of molten agarose (2%-3%) onto a microscope slide. Immediately, place another microscope slide on top of the agarose drop to form a thin agarose pad. After the agarose has solidified, remove the top slide. 4. Pipette 2.5 µL of M9 minimal medium buffer onto the center of the agarose pad.
5. Dab a platinum wire pick into E. coli bacteria, and then gently pick embryos and submerge them into the M9 minimal medium buffer.
6. Use 63× or 100× magnifications to quantify the puncta and/or take images of the fluorescent positive puncta found within the embryos. FIGURE 1. Flowchart summarizing a protocol for using fluorescent marker proteins in screens using mutant animals that lack the degradation of autophagy substrates in larvae of the nematode Caenorhabditis elegans.
TROUBLESHOOTING

Problem (
Step 2): Embryos have not reached the expected stage from the time of egg laying. Solution: It is possible that the particular strain being used has a delay in development compared with that of wild-type animals. Reevaluate the time required to reach the developmental stage of interest.
Step 5): Difficulties arise when attempting to transfer embryos from the platinum wire pick to the agarose pad. Solution: Carefully, press the platinum wire against the agarose pad several times, without tearing it, to release embryos.
Problem (Step 6): Positive puncta found within embryos are too large to quantify. Solution: Image processing and analysis software, such as ImageJ or MetaMorph, can be used to quantify the number of puncta and/or fluorescence intensity by following the instructions provided by the software supplier.
DISCUSSION Useful Reporters of Autophagy
Autophagy plays an active role during the early stages of embryogenesis in C. elegans (Meléndez and Neufeld 2008; Zhang et al. 2009; Kovacs and Zhang 2010; Al Rawi et al. 2011; Sato and Sato 2011) . Although their exact function is unknown, P granules are ribonucleoprotein particles thought to play a part in germ cell specification (Strome and Lehmann 2007) . The localization of P granules is restricted to the germline precursor cells in wild-type embryos as a result of the degradation of the P granules in the somatic cell lineage (Hird et al. 1996) . Autophagy is required for the degradation of P granules as mutations in various autophagy genes result in the accumulation of the P granule components, PGL-1 and PGL-3 (termed PGL granules), in the somatic cells of C. elegans embryos Zhao et al. 2009; Tian et al. 2010) . SEPA-1 has been shown to be an adaptor protein important for the degradation of PGL granules in somatic cells through its interaction with LGG-1 (the nematode ortholog of Atg8/LC3), linking PGL granules to the autophagosome for granule removal ). In wild-type animals, SEPA-1 protein aggregates begin to form at the 16-cell-stage embryo and peak at the 100-cell stage, but disappear significantly by the comma stage ). However, in autophagy mutants, SEPA-1 aggregates persist past the comma stage, confirming that SEPA-1 is targeted to the autophagosome for removal Tian et al. 2010; Lu et al. 2011) .
The gene sqst-1 (T12G3.1) encodes the C. elegans homolog of the adaptor protein p62/SQSTM1, which has also been investigated during embryogenesis (Tian et al. 2010; Lu et al. 2011) . In mammals, p62 binds to both LC3 and polyubiquitylated proteins, linking them to the autolysosomal pathway (Kihara et al. 2001; Bjorkoy et al. 2005; Pankiv et al. 2007; Tian et al. 2010) . The expression of the marker SQST-1::GFP, in which SQST-1 is tagged with green fluorescent protein (GFP), is diffuse in the cytoplasm throughout embryogenesis; however, in autophagy mutants, the SQST-1::GFP protein localizes to positive punctate structures, similar to those of SEPA-1 (Tian et al. 2010; Lu et al. 2011) .
Overall, the use of SEPA-1, SQST-1, and PGL-1 fusion reporters has facilitated the identification of new autophagy genes, by enabling screening for mutant animals that lack the degradation of these autophagy substrates (Tian et al. 2010) . Therefore, such reporters can be used to identify additional genes required for normal autophagy activity during embryogenesis.
Data Analysis and Caveats
Changes in autophagic activity during embryogenesis are usually visualized by monitoring changes in the expression pattern of a fluorescent reporter relative to the control. Such changes can be easily observed as, under wild-type conditions, some reporters can have a diffuse cytoplasmic expression, whereas, under conditions of defective autophagy, the reporter can accumulate into aggregate-like structures or positive punctate structures. An example of this can be found by comparing wild-type animals and autophagy-defective embryos expressing proteins tagged with GFP-for example, SQST-1::GFP or GFP::LGG-1 (Tian et al. 2010; Lu et al. 2011) . Other changes might not be so prominent and can include an increase in the number or size of preexisting protein aggregates, as is found when comparing wild-type animals and autophagy-mutant embryos treated with primary antibodies against LGG-1 ( Tian et al. 2010; Lu et al. 2011) .
To determine whether subtle changes in the expression of a reporter protein are significant will require additional methods. One method is to quantify the positive punctate structures; however, manual quantification of aggregates within embryos can be extremely difficult as autofluorescence is usually too high and the number of positive puncta too great. Image-analysis programs can provide better quantification abilities; however, even with image-analysis programs, one might not distinguish true punctate structures from autofluorescence. One option for measuring changes in the number of autophagosomes, or active autophagy, during embryogenesis is to measure the fluorescence intensity of the autophagy reporter used (Morselli et al. 2011) . Such changes in fluorescence intensity can be used to determine whether there is elevated or decreased expression of the reporter, which can be indicative of increased or decreased autophagy.
When evaluating reporter expression, to determine whether a gene of interest plays a role in autophagy during embryogenesis, changes in the expression pattern of the reporter might not be apparent compared with that of controls. As a result, additional methods, such as image-processing software, will be required to ensure that such changes are significant. If choosing to monitor the expression of GFP::LGG-1 or SQST-1::GFP, care should also be taken. In mammals, p62 can form cytoplasmic inclusions unrelated to autophagosomes (Zatloukal et al. 2002; Bjorkoy et al. 2005) . Furthermore, in mammals, LC3 can become incorporated into p62 cytosolic aggregates through its direct interaction with p62 (Shvets et al. 2008) . Although this has not been formally shown in C. elegans, if visualizing SQST-1::GFP-or GFP::LGG-1-positive structures, additional reporters might be required to determine whether such aggregates are true autophagosomes or membrane-free inclusion bodies. Thus, in summary, when analyzing the activity of autophagy in embryos, a careful approach and successful interpretation of results can require additional methods and/ or techniques.
RELATED TECHNIQUES
Complementary methodologies available include the use of antibodies against LGG-1, SQST-1, and SEPA-1 (Tian et al. 2010; Lu et al. 2011 ) rather than using strains expressing the GFP and mCherry fluorescent tags described in this protocol. 
RECIPES
